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ABSTRACT 

BACKGROUND: Patients with neuromuscular knee-instability assisted with orthotic devices 

experience problems including pain, falls, mobility issues and limited engagement in daily activities.  

OBJECTIVES: The aim of this study was to analyse current real-life burden, needs and orthotic 

device outcomes in patients in need for advanced orthotic knee-ankle-foot-orthoses (KAFOs). 

METHODOLOGY: An observer-based semi-structured telephone interview with orthotic care experts 

in Germany was applied. Interviews were transcribed and content-analysed. Quantitative questions 

were analysed descriptively. 

FINDINGS: Clinical experts from eight centres which delivered an average of 49.9 KAFOs  

per year and 13.3 microprocessor-stance-and-swing-phase-controlled-knee-ankle-foot orthoses 

(MP-SSCOs) since product availability participated. Reported underlying conditions comprised 

incomplete paraplegia (18%), peripheral nerve lesions (20%), poliomyelitis (41%), post-traumatic 

lesions (8%) and other disorders (13%). The leading observed patient burdens were “restriction of 

mobility” (n=6), followed by “emotional strain” (n=5) and “impaired gait pattern” (n=4). Corresponding 

results for potential patient benefits were seen in “improved quality-of-life” (n=8) as well as “improved 

gait pattern” (n=8) followed by “high reliability of the orthosis” (n=7). In total, experts reported falls 

occurring in 71.5% of patients at a combined annual frequency of 7.0 fall events per year when using 

KAFOs or stance control orthoses (SCOs). In contrast, falls were observed in only 7.2 % of MP-

SSCO users.  

CONCLUSION: Advanced orthotic technology might contribute to better quality of life of patients, 

improved gait pattern and perceived reliability of orthosis. In terms of safety a substantial decrease 

in frequency of falls was observed when comparing KAFO and MP-SSCO users. 
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INTRODUCTION   

Orthotic devices, in particular knee-ankle-foot-orthoses 

(KAFOs) are well accepted for treating knee instability in 

neuromuscular disease and central nervous system 

conditions. However, burden of disease and individual 

demands of patients have been rarely studied. Knee 

instability conditions can cause several problems, including 

pain, falls, range of mobility issues and limited engagement 

in daily activities, which could be alleviated with the use of 

better orthotic devices.1,2   

A KAFO is usually prescribed when other types of bracing 

like ankle-foot-orthoses (AFO) cannot adequately control 

knee instability because of weakness (e.g., quadriceps 

weakness) or ligament laxity.3 Patients suffering from knee 

instability due to neuromuscular disease (e.g., after acute 

poliomyelitis, incomplete spinal cord injury, or femoral nerve 

lesions), benefit from KAFOs with locked or posterior off-set 

orthotic knee joints by preventing the paretic or paralyzed 

leg from collapsing and to aid in safe ambulation.2,4 

However, a locked knee precludes knee flexion during 

swing and, thus, requires compensatory mechanisms to 

achieve sufficient toe clearance.2 

Stance control orthoses (SCO) allow users to flex their knee 

during the swing phase to reduce the compensations of hip 

hiking and circumduction. However, these benefits are 

mostly limited to walking on level surfaces, because the 

difficulty to relock the orthotic knee joint on non-level 

terrains results in limitations in function and safety for 

walking on uneven terrain, stairs, ramps, or with varying 

speed.4-6 In particular, patients’ limited ability to walk and 

maintain conditioning results in a high risk of falling due to 

deconditioned coordination and balance.1  

A microprocessor-swing-and-stance-controlled knee-ankle-

foot-orthosis (MP-SSCO) provide both swing and stance 

phase control for patients suffering from paralysis or paresis 

of the muscles that stabilize the knee. C-Brace (Ottobock, 

Duderstadt, Germany) is the only MP-SSCO currently 

holding a market authorization in the US and the European 

Union. The microprocessor control enables dampening of 

knee flexion during weight-bearing and speed-adapted 

control of knee flexion and extension during the swing 

phase.7 This feature enhances patients’ confidence in knee 

joint function, increased walking speed and energy 

efficiency, and improved safety for walking on uneven 

terrain, stairs, and ramps.8 Limited published data could 

only be obtained for one other microprocessor-controlled 

orthosis type, a microprocessor-controlled-stance-

controlled orthosis (MP-SCO).9 

Independence for individuals with lower limb motor 

disabilities is a key issue in their daily routine and can be 

enhanced with the use of assistive devices to promote their 

participation in social activities and in living a self-sufficient 

life.10 Hence, the key issue in orthotic care is utilizing the 

appropriate orthosis (KAFO or MP-SSCO) to address users’ 

needs and expectations.11-13 Furthermore, real-life settings 

are difficult to scrutinize due to the multitude of underlying 

disease states as well as different settings and patients’ 

behaviors that complicates pragmatic real-life trials. 

Aim of this study was to analyse the current real-life burden 

of patients in need for advanced orthotic KAFOs, their 

needs and patient relevant outcomes as well as the 

potential benefit of a MP-SSCO on patient outcomes and 

care processes.   

METHODOLOGY 

System Instrumentation 

An observer-based semi-structured interview survey with 

experts in the field of KAFO/MP-SSCO fitting was used.  

Expert participants were selected based on a) meeting 

orthotic clinical and technical care expertise qualifications 

(both physicians and orthotists) and b) having been involved 

in orthotic care for more than 5 years both with KAFOs as 

well as MP-SSCO in a German orthotic care centre. 

Furthermore, participants were only selected, if willingness 

to devote time and interest to the specific topic was stated, 

as well as informed consent to participate was provided. As 

this survey was neither a notifiable clinical study according 

to §47 par. 3 MDPG nor an epidemiologic study with 

individual patient reference an ethics committee vote did not 

apply. 

Semi-structured interviews are employed in qualitative 

interview research where the order and content of questions 

in an interview can be modified to deepen the exploration of 

a research topic according to the response of the 

interviewee.14 The interviews were conducted by phone and 

survey questions were comprised of the following areas: 

participants’ orthotic experience, challenges in orthotic 

rehabilitation, patient burden and severity of this burden, 

patient needs and benefits, patient relevant outcomes, 

rehabilitation under delivery of new orthotic devices, 

severity and frequency of falls, adverse events other than 

falls. Queries were phrased using MP-SSCO as the product 

group term with C-Brace (Otto Bock, Duderstadt, Germany) 

being presented to the interviewees as an example once or 

on request.  

The information collected in the interviews was transcribed 

and was prepared for a content analysis. Content analysis 

is described as a method to classify written or oral materials 

into identified categories of similar meanings.15 The analytic 

process of the qualitative interview component 

approximated the following steps: determination of category 

and levels of abstraction, the development of inductive 

categories from material, the revision of categories, the final 

https://doi.org/10.33137/cpoj.v5i1.37795
https://www.ottobockus.com/media/local-media/c-brace-may-2020-campaign/c-brace-ifu.pdf
https://www.ottobock.com/en/
https://www.ottobock.com/en/
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working through text, and the interpretation of results.16 

Quantitative questions were reported with descriptive 

statistics.  

 

RESULTS 

Eight clinical experts confirmed participation in the semi-

structured telephone interview lasting approximately one 

hour in duration. Interviews were performed from 2020-11-

09 to 2021-02-03. All participants (7 male, 1 female; 4 

physicians and 4 orthotists) had long-term experience in 

prescribing, fitting, and delivering acute as well as subacute 

and chronic rehabilitation care both for KAFOs and MP-

SSCO users. On average, experts’ centres prescribed or 

delivered 49.9 KAFOs per year and 13.3 MP-SSCOs (C-

Brace only) since product availability to patients. The 

treated population is comprised of patients with incomplete 

paraplegia (18%), peripheral nerve lesions (20%), polio-

myelitis (41%), posttraumatic lesions (8%) and other 

disorders, including stroke sequelae (13%). 

Challenges in orthotic rehabilitation  

Half of the experts (n=4) considered a correct indication and 

diagnosis as a key challenge for patient rehabilitation in 

orthotic care, and in particular for MP-SSCO: 38% 

emphasized the need for intensive patient support and 

guidance, especially for understanding and using the 

functionality of the orthosis. A safe stance phase, safe 

handling by the patient and a well-fitting orthosis with proper 

alignment of the components as well as the challenges in 

approaching reimbursement bodies were mentioned by two 

interviewees. Categories reported once only were: 

Standardized assessments for orthosis selection, risk of 

falling due to stiff knee, foot clearance, dressing/undressing 

in daily routine, early integration of orthosis into therapy and 

training, gap between technical feasibility and return to full 

participation in real life as well as a need towards an 

interdisciplinary approach.  

Regarding structure and process of rehabilitation, 7 out of 8 

of the interviewees observed a relevant change when 

switching to MP-SSCO. Changes were mentioned in 

particular with regard to a more intensified initial education 

phase in MP-SSCO patients (57% of those reporting 

change) as the understanding of the orthosis’ potential was 

considered essential (43%). Despite the intensity of early 

rehabilitation activities, a shorter overall process was 

reported (57%). Seven interviewees reported several 

extraordinary case reports, such as a female, middle-aged, 

still active teacher with a lower limb amputation on the 

contralateral side and a substantial paralysis on the 

supplied side being instantly able to return to independent 

ambulation. A further example provided was a young, 

female patient with a complete femoralis paresis after 

polytrauma suffering extremely from abrupt cessation of her 

active life who was able to return to independent ambulation 

with the committed support of the centre’s team. Categories 

of extraordinary cases could be categorized as unexpected 

regain of mobility and ambulation, return to ambulation 

without crutches, possibility of fitting an orthosis in difficult 

posttraumatic situations where orthotic care had been 

unavailable previously, and cases of fully unexpected 

clinical benefit and occupational rehabilitation. 

Patient Burden 

In terms of expert-observed burden on patients due to 

impairment, “restriction of mobility” ranked highest among 

the queried three most serious items (n=6), followed by 

“emotional strain” (n=5) as these patients often suffer from 

severe progressive and/or continuously deteriorating 

conditions with multiple comorbidities. The third item was 

“impaired gait pattern” (n=4), including “lack of symmetry” 

and “negative impact on full social participation”, 

exemplified by one interviewee as issues with the aesthetic 

appearance (both n=4). Further impairments observed were 

“extension contractures or flexion restrictions”, “painful 

conditions”, “impaired climbing of stairs” and “lack of 

postural control”, as those patients may have impaired 

stability and/or not have the ability to stand (n=2). (Figure 1)  

 For those serious impairment items reported at least by two 

experts, “impaired climbing of stairs” obtained the highest 

observed frequency followed by “restriction of mobility”, 

“lack of postural control”, “restricted participation”, impaired 

gait”, and “emotional strain”. “Pain” and “contracture” were 

reported sometimes or rarely with regard to frequency. 

(Figure 2) 

Potential Patient Benefits 

Experts judged “quality of life” of patients (n=8) as well as 

“improved gait pattern” (n=8), followed by “high reliability of 

the orthosis” (n=7) as the most relevant domains of potential 

patients’ benefits from optimal delivery of orthotic care. 

“Patient satisfaction”, “personal autonomy” and “reduction in 

compensatory mechanisms” were reported as relevant by 

six experts. The items “ability to perform daily routine”, 

“wearing comfort” and “higher velocity” obtained a 

frequency of five reports. (Figure 3)  

When valuing each benefit’s importance to patients and 

selecting the three most relevant aspects, “perception of 

safety and high stability while walking” ranked highest (n=5), 

followed by “physiologic gait” (n=4) and the ability for 

“participation in daily life” (n=3). “Not having to think about 

the orthosis”, i.e., no need for conscious orthotic control, 

“prevention of falls”, “mobility” and “ability to swing” were 

seen by two experts amongst the three top-ranking domains 

of patient need. (Figure 3) 

 

https://doi.org/10.33137/cpoj.v5i1.37795
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Figure 1: Patient impairments and burden as perceived by experts 
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Figure 3: Reported expert-perceived patient benefits. 

 

 

Figure 4: Relevance of suggested patient assessment criteria. 
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Outcomes Assessment in Orthotic Device Alignment 

Furthermore, experts provided suggestions to implement 

specific tools for patients’ assessment in clinical routine 

covering both patient-relevant orthotic-device related 

outcomes as well as quality assurance aspects. In this 

context, “gait analysis”, e.g. via video, was reported most 

often with high relevance (n=5), followed by “number of falls 

in patient history” (n=4), “participation” and “walking 

distance” (n=3). (Figure 4) 

Orthosis-specific safety and long-term outcomes 

Frequency of Falls and Resource Use - KAFO 

When using KAFOs or stance control orthoses without 

microprocessor control (SCOs), falls were estimated to 

occur once weekly (standard deviation (SD) 0.0) in 4.0 % 

(SD=9.9) of patients. Monthly falls were seen in 23.8% (SD= 

28.3) and annual falls in 43.8% (SD=30.0) of patients with a 

frequency of 1.25 (SD=0.9) and 3.19 (SD=1.5), 

respectively. In total, falls were reported to occur in 71.5% 

of patients at a combined annual frequency of 7.0 fall events 

per year when using KAFOs or SCOs. 

Serious falls may result in the need for medical care. 

Healthcare resource use related to falls with non-

microprocessor-controlled knees (non-MPKs) was 

estimated to require hospital care in 4.0% (SD=3.7) and 

non-hospital medical care in the out-patient setting in 19.3% 

of fall cases (SD=17.5). 76.7% (SD=20.1) of total falls were 

considered not to require any health professional care. 

Long-term Consequences 

Wearing KAFOs and SCOs is associated with both adverse 

effects and long-term consequences. Adverse effects 

include “excessive lumbar loading with lack of trunk 

stability” (n=3), “impairment of gait” (n=2) and “stiff limb”, 

“rollator dependency”, “fitting problems”, “risk of luxation in 

hip replacement patients” and “noise” which were each 

reported only once. Regarding long-term consequences, 

most experts considered “lumbar disorders with a locked 

knee joint” (n=4) as the most relevant item, followed by 

 

Figure 5: Observed long-term consequences (primary axis: number of experts reporting, secondary axis: Transposed frequency of 

consequences in percent of time occurring - Categories (always, often, sometimes, seldom, never) were transferred to 0- 100-scale with 100 

representing the highest frequency “always”.) 
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“muscular atrophy” (n=3). “Orthosis cut-out oedema”, “scrub 

marks” and “degenerative impact” were reported being 

relevant by two experts. “Pelvic adverse effects”, “mental 

burden”, “physical discomfort due to forearm crutches”, 

“contractures”, “pain” and “hyperlordosis / scoliosis” were 

reported as relevant by one expert each. “Scrub marks” 

were reported both as adverse effect and long-term 

consequence. All long-term consequences were considered 

to occur “always” to “sometimes” in frequency (Figure 5). 

Frequency of Falls and Experiences with MPK fitting 

Experts termed orthotic care with an MP-SCCO as 

outstanding only when patients benefitted considerably in 

real life settings (following a sound trial fitting), despite 

ambiguous diagnostic results during the initial assessment 

(n=4). Further outstanding experts’ experiences were 

successful fitting of orthosis in complex post-traumatic and 

postoperative situations (n=3) and the regain of mobility in 

the patients´ daily routine (n=2). 

The frequency of falls in MP-SCCO users was estimated on 

an annual basis. Falls were observed to occur in 7.2 % 

(SD=10.3) of all patients with an annual frequency of 2.2 

(SD=3.0) fall events per year. 

DISCUSSION  

Burden of patients in need of KAFOs was analysed with an 

experts’-based interview survey. Restriction of mobility, 

emotional strain and impaired gait were reported as major 

impairment aspects. Potential for improving care in patients 

who use non-microprocessor-controlled KAFOs is seen in 

particular with regard to quality of life (QoL), gait, and 

reliability of the orthosis. The experts underscored the 

importance of appropriate outcomes assessment criteria, 

such as gait analysis, orthosis safety (prevention of falls), 

and participation in activities of daily living.  In terms of 

frequency of falls, a substantial difference between non-

microprocessor-controlled KAFOs and MP-SSCOs was 

reported. 

In our study improved gait pattern, QoL and high reliability 

of the orthosis were most often reported as important 

outcomes to patients. This is largely in line with health care 

professional (HCP) estimates reported by O’Connor et al., 

where comfort, confidence in mobility and increased 

stability were most often reported as being very or extremely 

important to patients.1 Though QoL in our study was most 

frequently stated as a relevant patient benefit of optimal 

orthotic care, no expert valued QoL or patient satisfaction 

amongst the three most important domains. This lack of 

perceived high importance might be due to the fact that QoL 

comprises different physical and psychological domains of 

health-related QoL and, hence, results in an improvement, 

if a majority of other aspects of benefit have been achieved. 

Adding to this line of reasoning is the fact that retraining of 

compensatory gait patterns, such as circumduction, 

requires time and, hence, may delay an early, 

straightforward improvement in QoL.17 Furthermore, the 

reported experts’ perception might be influenced by the 

German healthcare reimbursement decision making 

process, where QoL has just recently gained more 

importance.  

Unlike Yang et al., we conducted interviews with experts 

caring for patients in need for lower limb orthoses.10 

However, despite not directly involving patients’ responses, 

research of health-related QoL did show that the results 

obtained from attending HCPs considerably overlap with 

patients’ individual feedback, resulting in reasonable 

agreement that make the HCPs’ perception a valuable 

source of assessment.18 However, when assessing 

individual patients, there was some discordance between 

scores obtained from HCPs compared to patients, with 

physicians systematically underestimating overall QoL, 

social functioning, and role functioning. Interestingly, 

patients in the UK expected the orthotic device to foremost 

enable them to engage in ‘normal’ daily activities and taking 

part in social events and gatherings which represent 

relevant QoL domains.1 Hence, demands and potential 

benefits of MP-SSCOs in domains such as participation, 

mental well-being and QoL reported by HCPs in our study 

might be underestimated. 

Yang et al. reported that patients with neurologic conditions 

are mostly interested in restoring both walking and standing, 

whereas patients with musculoskeletal injuries had a single 

focus on normal walking.10 Problems of orthosis use related 

to normal walking in patients with damage to the nervous 

system were mentioned mostly with regard to restricted 

mobility, skin injury due to excessive rubbing, orthosis 

durability and material-related issues. For those focusing on 

standing, material-related issues dominated. Problems in 

orthosis use by patients with musculoskeletal injuries were 

restricted mobility and material-related issues.10 

The post-fall syndrome (depression, fear of falling and other 

psychological problems) is a common consequence of 

repeated falls, with up to 40% of patients not reporting 

recent falls and up to 70% of recent fallers reporting fear of 

falling.19 Loss of self-confidence as well as social 

withdrawal, confusion and loneliness can occur, even if 

there has been no injury. Reduced physical and functional 

activity is associated with fear and anxiety of falling - strong 

correlations have been found between fear and poor 

postural performance.20 Hence, the reported reduction in 

fall rate in our study indicates the potential for improved self-

confidence and better QoL with a MP-SSCO. 

Our results underline the need for proper alignment of 

orthosis components to reflect the individual patients’ 

anatomy. This is in line with Yang et al. as their results show 

that users with the same symptoms may use different 

https://doi.org/10.33137/cpoj.v5i1.37795
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orthoses.10 Our results confirm the need for incorporating 

patient relevant outcomes in real-life settings into high-

quality research of orthotic devices for knee instability 

related to neuromuscular and central nervous system 

conditions.3 

Study limitations:  

Despite having interviewed experts with different expertise 

and professional backgrounds, the low number of 

interviewees might contribute to potential bias. However, in 

Germany, there are only a few expert centres experienced 

both in treating and fitting patients with muscular knee 

instability and MP-SSCO fitting, resulting in an appropriate 

representation of centres’ experience.  

Furthermore, the fact that results were obtained from a 

health care professionals’ point of view might have led to 

different perceptions compared to direct patient interviews 

or surveys. While formerly HCP-derived patient information 

was perceived to be superior to those collected from studied 

subjects,21 more recently patient self-reported outcomes 

are considered as an equally valuable contribution in the 

health sciences, where interviewer and physician 

assessments are understood to be complementary to self-

assessed health measures.22,23 Furthermore, studies 

showed that results obtained from HCPs consistently 

underrate the positive impact on mental well-being and 

hence experts’ estimates might serve as conservative 

estimate of patients’ outcomes and needs.18  

CONCLUSION 

Patients with muscular knee instability following 

neuromuscular or central nervous system injuries or 

conditions who use KAFOs/SCOs are suffering from 

restricted mobility, emotional strain and impaired gait 

patterns. Advanced orthotic technology might contribute to 

better QoL of patients, improved gait patterns with 

subsequent reduction of long-term consequences and 

perceived reliability of the orthosis. In terms of safety, a 

substantial decrease in the frequency of falls with MP-

SSCO compared to non-microprocessor-controlled KAFOs 

was reported. Advanced orthotic devices may enhance 

physical and psychological health and well-being by 

enabling patients to pursue their daily routines. In selected 

patients who are unable to be fitted with non-

microprocessor-controlled KAFO/SCO, mobility might be 

regained through MP-SSCOs with the additional benefit of 

spending less time in a wheelchair or even discontinuing its 

use. Advanced orthoses require even more interdisciplinary 

rehabilitation with a standardized outcomes assessment 

comprising instruments for gait analysis and assessing the 

number of falls as well as individual participation in activities 

of daily living.  
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